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Objective. This study aimed (1) to determine whether scanner arm rotation causes significant movement of the head restraint
and (2) to measure patient movement and its variation during the scan.
Study Design. The iCAT scanner and a high-speed camera were used. The 40 patients were divided into 2 groups: the open-
eyed group and the blindfolded group.
Results. The mean level of head restraint movement was 0.130 mm, with a significantly higher level at the beginning,
probably owing to the accelerating arm. Mean movement of patients was 1.135 mm and 1.119 mm in the open-eyed and
blindfolded groups, respectively. Patient movement was also significantly higher at the beginning of the scan, when noise and
vibrations are likely to surprise the patient.
Conclusions. Patient instruction and a dry-run scan should be done by clinicians. Manufacturers should consider separating
the seat and head restraint from the rest of the scanner to avoid vibration transfer. (Oral Surg Oral Med Oral Pathol Oral Radiol
2013;116:769-773)The role of cone beam computed tomography (CBCT)
in oral and maxillofacial surgery is well known, and its
indications and possible uses are increasing. More
advancedmachines are being developed, providing higher
resolution, larger ﬁelds of view, faster scanning, and
improved scatter reduction. However, as with any tech-
nology, CBCT also has disadvantages. Most of them are
related to the principles of CBCT imaging, and they are
difﬁcult to overcome. Motion artifacts are one of them1-4
Accuracy is crucial in medicine, especially in disci-
plines such as dentistry, where submillimeter resolution
is necessary. The present maximum resolution of CBCT
is 0.76 mm isotropically.5 Achieving such a high reso-
lution in vivo, however, remains a topic of discus-
sion.3,6,7 In our opinion, it is rarely possible, because the
patient cannot remain perfectly still during scanning
procedures that can last more than 20 seconds. This is
far too long to prevent movements such as those caused
by breathing or heartbeats.1 Lee et al.2 registered patient
movements during CBCT scans using a laser beam.
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Morita (J. Morita, Osaka, Japan) systems averaged 0.45,
1.0, and 0.35 mm, respectively, in the vertical dimen-
sion and 0.50, 1.30, and 0.60 mm, respectively, in the
horizontal dimension. Hamidaddin et al.3 found that
swallowing or deep breathing can produce temporary
movements that reach up to 6 mm and last up to 3
seconds. However, according to Abdelkarim et al.,4
movement greater than 0.5 mm has a devastating effect
on image quality. Motion artifacts thus determine the
maximal resolution of the 3-dimensional image, rather
than the superb resolution of the ﬂat panel detector.
The problem speciﬁc to CBCT imaging is that patient
movement decreases the quality of the whole scan.
Exposure of a single raw image takes only a split second,
so that movement of the head restraint or the patient does
not signiﬁcantly affect individual image sharpness. It is
the movement over the course of the entire scanning
procedure that alters the position of information captured
in the raw images and subsequently blurs and degrades
the 3-dimensional reconstruction of the data. CBCT also
achieves higher resolution by capturing more raw imagesStatement of Clinical Relevance
Motion artifacts are still one of the major problems in
cone beam computed tomography (CBCT) imaging.
We found that patient movement is signiﬁcantly
higher at the beginning of the CBCT scan, when the
noise and vibrations are likely to surprise the patient.
Thorough patient instruction, a dry-run scan, and
blindfolding should be considered by clinicians.
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Fig. 2. Cone beam computed tomography scan divided into 3
phases by the rotating arm with detector and x-ray source.
Fig. 1. Black plastic marker placed on the tip of the patient’s
nose.
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images, however, requires a longer scanning time that
increases the chance that the patient will move.1 The
radiation dose is also higher.
There are 3 possible approaches to eliminate motion
artifacts in CBCT imaging. (1) Shorter scanning time is
the goal of all CBCT manufacturers. Unfortunately,
signiﬁcant reduction is probably not to be expected in
the near future, owing to the limited temporal resolution
of the ﬂat panel detectors. (2) Software image stabili-
zation might be of great value in oral and maxillofacial
CBCT imaging.1 Superb results have been achieved
using a similar principle in CBCT imaging for the
pectoral and abdominal areas.8 (3) Clinicians can reduce
patient movement during the scan as much as possible
by using best-practice technique, as follows: The patient
should be positioned correctly and instructed about the
whole procedure. Depending on the type of machine,
the patient is sitting, standing, or supine. The sitting
position is probably the most common and is a good
compromise between a relatively small physical foot-
print and the ability to stabilize the patient’s head during
the scan.2 The patient should be positioned according to
the region of interest (ROI). The seat (if present), head
restraint, and chin rest are adjusted, and the patient is
immobilized by a stabilizing belt across his or her
forehead. To the best of our knowledge, the efﬁcacy of
these stabilizing mechanisms, essential for a quality
CBCT scan, has never been discussed in the literature.
The ﬁrst aim of our study was to assess head restraint
movement during the CBCT scan. The second aim was
to determine the amount of patient movement in those
with their eyes open compared with the movement inthose who were blindfolded. Our hypothesis was that
patients with their eyes open unintentionally follow the
rotation of the x-ray source and detector, thus com-
promising the entire scan.
MATERIALS AND METHODS
This study was approved by the local ethics committee
(No. 106/10 GAUK).
Study group
Forty patients undergoing CBCT examination for
medical reasons, mostly before orthognathic surgery,
Fig. 3. Position of 4 samples in 3 different phases.
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patients provided written informed consent before
participation. They were randomly assigned to one of 2
subgroups: 20 patients (13 women, 7 men) were scan-
ned with their eyes open (group A), and 20 patients (13
women, 7 men) were blindfolded during the procedure
(group B). The mean age of patients in group A was
24.1  4.2 years, and that of patients in group B was
25.2 5.4 years. For patient movement during the scan,
a high-speed camera recorded the position of a marker
placed on the tip of each patient’s nose. Group C con-
sisted of 10 dry-run CBCT scans. A marker was placed
at the base of the head restraint. This was done to
determine the level of movement of the CBCT scanner,
and it served as the systematic error for groups A and B.
In group D, which served as a control group, a marker
was placed on the solid wall of the room where the
scanner was located. We monitored its position with the
high-speed camera from the same distance as in other
groups. It was supposed to determine the accuracy of the
method by revealing the level of white noise.Scanner and camera
All patients were scanned with an iCAT scanner
(Imaging Sciences International, Hatﬁeld, PA, USA).
The CBCT scanner was set to a 14.7-second scan
duration with a 0.25-voxel resolution. For motion
tracking, a Prosilica GE680 (Allied Vision Technolo-
gies, Stadtroda, Germany) high-speed camera with
Pentax lens C31204TH (Pentax Ricoh, Tokyo, Japan)
was used. The camera was set to capture 67 frames per
second. It was ﬁxed on a Manfrotto 718SHB tripod
(Manfrotto, Cassola, Italy) and placed 120 cm hori-
zontally from the iCAT head restraint. The single-use
black plastic marker was 8 mm in diameter and corre-
sponded to 88 pixels in the video sequence.Motion tracking
At the beginning, every patient was instructed, and the
entire procedure was described thoroughly. Patients
were seated according to the ROI. The seat, head
restraint, and chin rest were adjusted, and the patient
was immobilized by a stabilizing belt across his or her
forehead. Lastly, the black round marker was placed on
the tip of the patient’s nose (Figure 1). Depending on
the study group, the patient was asked to look straightahead with the eyes open or was blindfolded with an
eye mask during the scanning procedure.
The video recording started several seconds before,
and ended several seconds after, the CBCT scan. The
entire sequence was divided into 3 sections by the
rotating arm with detector and x-ray source. The ﬁrst
phase lasted from the beginning of the record to the point
at which the rotating detector blocked the visibility of the
marker. After a few seconds, the detector moved away
and the marker was visible again. This was the beginning
of the second phase, which ended with the arrival of the
x-ray source. After a few seconds, the marker was visible
again, and this was the start of the third phase, which
lasted until the end of the sequence (Figure 2). The video
record was saved for later analysis, and the patient was
released from the CBCT scanner.
Image analysis
Each of the datasets consisted of approximately 2500
images. They were exported with Streampix software
(Norpix, Montreal, Canada) as bitmap images with
a timestamp.
We developed the image analysis script with MatLab
software (MathWorks, Natick, MA, USA) to analyze
each image of the recorded sequence. All steps of the
analysis were processed automatically. The ﬁrst step of
the analysis was thresholding. The threshold was set
empirically at the beginning. There were no problems
setting the threshold because of the high contrast of the
markers and the constant artiﬁcial light during the
whole study. ROI was chosen to reduce the amount of
processed data to 120  120 pixels per image. Within
MatLab, the morphologic operation Imclose with the
structural element disk was applied to smooth the circle.
The last step was evaluation of the center of mass of the
region (x- and y-coordinates of the center of the circle)
using the MatLab function Regionprops. These values
were automatically exported in Microsoft Excel format
together with the corresponding timestamp. For periods
when the marker was blocked by the rotating detector
or x-ray source, only the timestamps were exported.
All data sets were analyzed; 20 for patients with eyes
open (group A), 20 for blindfolded patients (group B),
10 for dry-run CBCT scans (group C), and 10 for
white noise (group D). Four samples consisting of 140
subsequent coordinates with corresponding timestamps
were obtained from every dataset in groups A, B, and C.
Table I. Average movement (standard deviation) and
movement in sample I (standard deviation) in groups
A, B, C, and D (mm)
Average Sample I
Open eyes 1.135  0.841 1.498  1.057
Blindfolded 1.119  0.862 1.483  1.169
CBCT 0.130  0.138 0.181  0.199
Control 0.047  0.043 X
CBCT, cone beam computed tomography.
Fig. 4. Group A (open eyes): Statistically signiﬁcantly higher
movement in sample I (P < .0001) (x-axis, sample number; y-
axis, distance in millimeters).
Fig. 5. Group B (open eyes): Statistically signiﬁcantly higher
movement in sample I (P < .0001) (x-axis, sample number; y-
axis, distance in millimeters).
Table II. Average movement (standard deviation) in
samples I, II, III, and IV for groups A and B (mm)
Open eyes Blindfolded
I 1.498  1.057 1.483  1.169
II 0.833  0.496 0.921  0.552
III 1.157  0.984 1.025  0.939
IV 1.053  0.518 1.047  0.487
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from the ﬁrst phase. The second sample (II) and third
sample (III) contained the ﬁrst 140 coordinates at
the beginning and the last 140 coordinates at the end of
the second phase, respectively. The fourth sample (IV)
contained the ﬁrst 140 coordinates at the beginning of
the third phase (Figure 3). Group D datasets were split
in the same manner to simplify statistical analysis.Statistical analysis
All data were reported as mean  standard deviation.
All coordinates were standardized with central position
x ¼ 0 and y ¼ 0. Systematic error was calculated from
group C data and was compared with the white noise
obtained from group D data. One-sample Student t test
was used to test whether the mean movement in groups
A and B was greater than the systematic error (group C).
The relationship between samples I, II, III, and IV,
and the level of movement in these samples, was
assessed with the analysis of variance, the Tukey test,
and the Scheffé method. Comparisons between groups
A and B were made with a 2-sample paired t test.
Differences were taken as signiﬁcant at P < .05. All
statistical analyses were conducted using Statistica
software (Statsoft CR, Prague, Czech Republic).
RESULTS
The mean movement of the iCAT CBCT scanner
calculated from group C was 0.130  0.138 mm andwas higher at the beginning of the CBCT scan (sample I),
with a mean movement of 0.181  0.199 mm. The
mean white noise (group D) was 0.047  0.043 mm
(Table I).
The mean movement of group A (open eyes) was
1.135  0.841 mm. There was signiﬁcantly higher
movement in sample I, with a mean movement of
1.498  1.057 mm (P < .0001). Other samples also
differed statistically signiﬁcantly, except for sample
III compared with sample IV, for which the difference
was not signiﬁcant (Figure 4; Table II).
The mean movement of group B (blindfolded) was
1.119  0.862 mm. Only sample I showed statistically
signiﬁcantly higher movement, with a mean movement of
1.483  1.169 mm (P < .0001). Samples II, III, and IV
were not signiﬁcantly different (Figure 5; see Table II).DISCUSSION
The most surprising result, especially in relation to the
stated highest resolution, was a movement of the head
restraint. The statistically signiﬁcant difference between
groups C and D was probably due to the structure of the
CBCT scanner. Vibrations caused by the rotating arm
were transferred to the head restraint, and that could
have contributed to the overall patient movement
during the CBCT scan. This is indirectly supported by
data from group C, sample I, which had statistically
signiﬁcantly higher mean movement compared with
samples II, III, and IV. This result was probably due to
the higher vibrations during the start of arm rotation. To
the best of our knowledge, this is the ﬁrst time the
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and described. One possible solution would be to
separate the seat and head restraint from the rest of the
scanner. During installation of the scanner, both pieces
could be separately anchored to the ﬂoor or walls. This
would probably prevent the transfer of vibrations from
the rotating arm to the seat and head restraint, thus
lowering the level of motion.
The extent of patient movement was what we ex-
pected. The means of 1.119 mm and 1.135 mm in the
blindfolded and eyes-open groups, respectively, are
similar to the results of other studies.2,3 The difference
between groups A and B is small, so we cannot eliminate
the possibility that such a difference is due only to
systematic error. One possible reason is that the vibra-
tions and noise have more inﬂuence on patients’
behavior. On the other hand, asking a patient to close his
or her eyes or to use an eye mask is simple. Any means
of reducing patient movement should be considered.
Interestingly, mean movement was statistically
signiﬁcantly higher in sample I in groups A and B
compared with samples II, III, and IV. This relates to
the higher level of movement in sample I, group C, but
does not fully explain it. The difference of sample I,
group A and B is signiﬁcantly larger compared with the
difference of sample I, group C. We therefore presume
that this difference was caused not only by stronger
vibrations during the start of the rotation of the arm. It is
quite likely that noise and initial vibrations surprised
the patients, and their involuntary reactions thus led to
the higher level of movement at the beginning of the
CBCT scan. One possible solution would be to perform
a dry run to familiarize the patient with the procedure.
Another solution would be to prolong the period
between the start of the rotational process of the arm
and the start of the scan.
The relationship between the amount of patient move-
ment and the quality and resolution of the CBCT scan was
not an objective of our study. According to Abdelkarim
et al.,4 movement greater than 0.5 mm has a devastating
effect on image quality, which emphasizes the importance
of the topic. Further study of motion artifacts on different
machines and under different conditions is recommended.
The effect of movement on the quality of a CBCT scan
should be clariﬁed in the future.
It is important to emphasize that all data were
obtained on an iCAT CBCT scanner. Conclusions
cannot be generalized to other types of CBCT scanners.
However, other studies have measured patient move-
ment on different types of machines, and their results
were similar or even worse.2-4 To the best of our
knowledge, movement of the stabilizing mechanism of
CBCT scanners due to vibration transfer has not been
described in the literature. Because other manufacturers
do not separate the stabilizing part from the rest of themachine either, this may present a general problem
having similar consequences on image quality.
CONCLUSION
Motion artifacts are a major problem of current CBCT
imaging. In our opinion, the patients’ mean movement
of 1.119 mm up to 1.135 mm and the 0.130 mm of
CBCT scanner movement are sufﬁciently high to
negatively inﬂuence image quality, especially consid-
ering the proposed resolution, which can exceed 0.1
mm. Therefore, all possible means of reducing motion
artifacts should be used to enhance the ﬁnal image
quality. Proper instructions and adequate ﬁxation of the
patient’s head are necessary. A dry-run scan can be
performed, and scanning with the patient’s eyes closed
should also be considered. Other means of motion
reduction depend on the producers of CBCT scanners.
Separating the seat and head restraint from the rest of
the scanner might be helpful in this regard. We believe
that the issue of reducing motion artifacts is probably
more important than the superb resolution of new ﬂat
panel detectors. The effort in solving or at least mini-
mizing motion artifacts would probably lead to higher
resolution and lower radiation dose, both of which
would bring beneﬁts to clinicians and patients.
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